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Abstract In this paper we are trying to solve the problem of the origin of
strong magnetic fields in the framework of solid quark-cluster stars. We propose
that, under the Coulomb repulsion, the electrons inside the stars could spon-
taneously magnetized and become ferromagnetic, and hence would contribute
non-zero net magnetic momentum to the whole star. The leading order approx-
imation in our simple model shows that the magnetism of solid quark-cluster
matter could be possible. For most cases in solid quark-cluster stars, the amount
of net magnetic momentum, could be significant, and the net magnetic moments
of electron system in solid quark-cluster stars could be large enough to induce
the observed magnetic fields for pulsars with B ∼ 1011 to ∼ 1013 Gauss. This
mechanism of generating magnetic field is not valid for so-called magnetars.
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1. INTRODUCTION
The states of matter of pulsar-like compact stars is a long-standing problem. Some efforts
have been made to understand the nature of pulsars, among which the model of quark-
cluster stars has been proposed. With a stiff equation of state, the model of quark-cluster
stars suggests the exist of high mass (> 2M⊙) pulsars
[1,2], to be favored by the discoveries
of massive pulsars.
The origin of strong magnetic fields of pulsar-like compact stars is also a long-standing
problem. Here we try to solve this problem in the framework of solid quark star model. The
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magnetic moment of electrons is much larger than that of quark-clusters, so electrons could
significantly contribute magnetic moment to the whole star. If we take the intrinsic magnetic
moment of electrons as the possible elements giving rise to the macroscopic magnetism,
then it seems to be similar to the case of ferromagnetism of normal material in terrestrial
environment.
The ferromagnetism of normal material is studied extensively in condensed matter
physics. The origin of ferromagnetism is often demonstrated by Stoner’s model. It considers
screened short-range Coulomb interaction, where the physical picture of ferromagnetism
in repulsive Fermi gases can be understood as the result of the competition between the
repulsive interaction and the Pauli exclusion principle. Electrons tend to have unbalanced
spins to save interaction energy, and on the other hand they tend to have balanced spins to
save kinetic energy.
In fact, in condensed matter physics, a full and complete description of ferromagnetism
of electron system is still very complex and has not achieve a satisfying stage. A microscopic
calculation from first principle is certainly very difficult and is not the focus of this paper,
but the leading order approximation in our simple model shows that the magnetism of solid
quark-cluster matter could be possible.
2. ELECTRONS IN SOLID QUARK-CLUSTER STARS
For quark-cluster stars, the situation is in fact more simple because electrons are not confined
to “nuclei” (i.e. the quark-clusters in lattices), and all of the electrons are itinerant, and
a quark-cluster star could serve as an ideal system where the itinerant ferromagnetism
might occur under the Stoner’s theory. In solid quark-cluster stars, the electric charge per
baryon Ye = ne/nb < 10
−4, due to the weak symmetry breaking of light-flavor symmetry,
so electrons in solid quark-cluster stars could be seen as dilute Fermi gas. The individual
quark inside each quark-cluster has electric charge, so quark-clusters could be polarized in
the presence of electrons, with polarization much larger than that of vacuum. The screening
effect coming from quark-clusters could be significant, which could reduce the long-range
Coulomb interaction to short-range screened interaction. That means, to get significant
Coulomb interaction, an electron should be very close to another electron, with distances
much smaller than the average distancen
−1/3
e . This make the Stoner’s model to be valid,
which treats the interaction between electrons as a δ−function with strength proportional
to the scattering length of electrons.
Defining the amount of unbalanced spins ξ = n+−n−n++n− =
n+−n−
ne
, where n+ and n−
denote the number density of spin-up and spin-down electrons, respectively. We find that,
in solid quark-cluster stars, the value of ξ could be non-zero. In some cases, the corresponding
magnetic moment per unit mass µ0 could be higher than ∼ 10
−3 Gauss cm3 g−1, which is
large enough to induce the observed magnetic fields of pulsars with B ∼ 1011 − 1013 Gauss
for a pulsar with M ∼ 1.5M⊙ and R ∼ 10 km (shown in Fig.1)
[3].
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Fig. 1 The relation between µ0 (magnetic moment per unit mass) and Ye (electric charge per baryon
ne/nb), in two cases η = 1 (thick blue lines) and η = 10 (thin black lines), where η denotes the strength
of polarization, defined as the ratio of electrons’ scattering length a and the distance between two nearby
quark-clusters d. Solid, dashed and dash-dotted lines correspond to Nq =6, 18, 100 respectively (Nq denotes
the number of quarks inside each quark-cluster). If µ0 > 10−3 ∼ 10−2 Gauss cm3 g−1, then B > 1012
Gauss for a pulsar with M ∼ 1.5M⊙ and R ∼ 10 km.
3. CONCLUSIONS AND DISCUSSIONS
We demonstrate that the strong magnetic fields of pulsars could be originated from the
spontaneous magnetization of electrons in solid quark-cluster star model.
This mechanism is not valid for so-called magnetars, since extra gravitational and elastic
energy, rather than magnetic energy, could be released to power anomalous X-ray pulsars
and soft gamma-ray repeaters in the solid quark-cluster star model.
It should also be noted that, the properties of relativistic electrons are in fact not very
certain to us. Although the Fermi energy of electrons could be as large as ∼ 10 MeV which
means the electrons are relativistic particles, we still use the concept of scattering length
in non-relativistic scenario. Therefore, the model we present in this paper for relativistic
electron-system is to some extent an approximation to the electrons in quark-cluster stars.
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